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Description 

Background of the Invention 

The present invention relates to an actinic radiation- 
curable resin composition for optical molding. More par- 
ticularly, it relates to an actinic radiation-curable resin 
composition for optical molding which comprises (a) an 
actinic radiation-curable and cation ically polymerizable 
organic substance, (b) an actinic radiation-sensitive in- 
itiator for cationic polymerization, a further organic sub- 
stance which is actinic radiation-curable and radical-po- 
lymerisable and (d) an actinic radiation-sensitive initia- 
tor for radical polymerisation as essential components. 

Prior Art 

Generally, a model for the preparation of a casting 
mold which has a shape corresponding to that of an ob- 
jective article, a profiling control model for cutting or a 
model for an electrical discharge diesinking electrode 
has been prepared by hand or by NC cutting with a nu- 
merically controlled milling machine. However, manual 
cutting has a problem of necessitating more labor and 
skill, while NC cutting has problems that a complicated 
working program must be prepared with regard to the 
exchange of a cutter blade in compliance with a desired 
edge shape and the abrasion of the edge and that fur- 
ther finishing must be made in some cases to remove 
the corrugation generated on the work surface. Recent- 
ly, it has been expected to develop a new optical molding 
technique which is free from these problems and can 
give a complicated model for the preparation of a casting 
mold, profiling or electrical discharge diesinking or other 
various molded articles. 

A resin for optical molding must satisfy such various 
requirements as high sensitivity to curing with actinic ra- 
diation, excellent resolution of curing with actinic radia- 
tion, high ultraviolet transmittance after curing, low vis- 
cosity, large y-characteristics, reduced volume shrink- 
age caused by curing, production of a cured product ex- 
cellent in mechanical strength, excellent self-adhesion, 
and excellent curing characteristics in an oxygen atmos- 
phere. 

Up to this time, radical-polymerizable resin compo- 
sitions have been known as compositions for optical 
molding and examples thereof include photosensitive 
resins mainly comprising polyester acrylate, urethane 
acrylate, epoxy acrylate or poiyether acrylate. However, 
these resins have problems in that the polymerization 
thereof is hindered by atmospheric oxygen, because the 
polymerization thereof is of the radical type, that the cure 
shrinkage is large, that the sensitivity to radiation energy 
is low and that they are irritant to the skin, particularly 
when the viscosity thereof is low. Thus, they are poor in 
practicality as a resin for optical molding. 

Japanese Patent Laid-Open No. 235318/1987 dis- 
closes a process for photo-curing an epoxy compound 



having at least two epoxy groups in its molecule and a 
vinyl compodnd having at least two vinyl groups in Its 
molecule simultaneously in the presence of a triarylsul- 
fonium salt catalyst. Since, however, this process is not 
s one aiming at obtaining a resin for optical molding, the 
resin obtained by the process is not optimum for optical 
molding, even if used therefor. 



Disclosure of the Invention 
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The present invention has been accomplished as a 
result of intensive studies on photosensitive resins hav- 
ing various characteristics required as a resin for optical 
molding. 

is An object of the present invention is to provide a 
resin composition suitable for optical molding with ac- 
tinic radiation. 

The resin composition for optical molding according 
to the present invention comprises (a) an actinic radia- 
20 tion-curable and cation ically polymerizable organic sub- 
stance; (b) an actinic radiation-sensitive initiator for cat- 
ionic polymerization; (c) a further organic substance 
which is actinic radiation-curable and radical-polymer- 
izable organic substance and (d) an actinic radiation- 
25 sensitive initiator for radical polymerization, and in that 
at least 40% by weight of said actinic radiation-curable 
and cationicalry polymerizable organic substance (a) is 
composed of an alicyclic epoxy resin having at least two 
epoxy groups in its molecule, at least 30% by weight 
30 thereof is composed of a vinyl ether resin having at least 
two vinyl groups in its molecule, and at least 50% by 
weight of said actinic radiation-curable and radical-po- 
lymerizable substance (c) is composed of a compound 
having at least three unsaturated double bonds in its 
35 molecule. 

The resin composition for optical molding according 
to the present invention contains an actinic radiation- 
curing resin composition of the cationic polymerization 
type, so that the curing of the composition with actinic 
*o radiation is not affected by atmospheric oxygen at all 
and is highly sensitive. Further, the volume shrinkage of 
the composition upon curing can be reduced to give a 
molded article excellent in dimensional accuracy. Fur- 
thermore, according to the present invention, a low-vis- 
45 cosity resin composition can be easily prepared to short- 
en the molding time. 

Further, the resin composition according to the 
present invention may also contain (e) a filler. 

50 Component fa) 

The resin composition for optical molding according 
to the present invention contains (a) an actinic radiation- 
curable and cation ically polymerizable organic sub- 
55 stance comprising at least 40% by weight of an alicyclic 
epoxy resin having at least two epoxy groups in its mol- 
ecule and at least 30% by weight of a vinyl ether resin 
having at least two vinyl groups in its molecule. 
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Representative examples of the alicyclic epoxy res- 
in having at least two epoxy groups in its molecule which 
is one of the constituents of the essential component (a) 
constituting the resin composition for optical molding ac- 
cording to the present invention include hydrogenated 
bisphenol A diglycidyl ether, 3,4-epoxycyclohexylmethyl 
3,4-epoxycyctohexanecarboxylate, 2-(3,4-epoxycy- 
clohexyl-5,5-spiro-3,4-epoxy)cyclohexane-m-dioxane ( 
bis(3,4-epoxycyclohexylmethyl) adipate, vinylcyclohex- 
ene dioxide, 4-vinylepoxycyclohexane, bis(3,4-epoxy- 
6-methylcyclohexylmethyl) adipate, 3,4-epoxy-6-meth- 
ylcyctohexyl 3,4-epoxy-6-methylcyclohexanecarboxy- 
late, methylenebis-(3,4-epoxycyclohexane), dicy- 
clopentadiene diepoxide, di(3,4-epoxycycfohexylme- 
thyl) ether of ethylene glycol, ethylenebis(3,4-epoxycy- 
clohexanecarboxylate), dioctyl epoxyhexahydrophtha- 
late and di-2-ethylhexyl epoxyhexahydrophthalate. 

The vinyl ether resin having at least two vinyl groups 
in its molecule which is another constituent of the es- 
sential component (a) include ethylene glycol divinyl 
ether, diethylene glycol divinyl ether, methylene glycol 
divinyl ether, alkyl vinyl ether, 3,4-dinydropyran-2-me- 
thyl (3,4-dihydropyran-2-carboxylate), dipropylene gly- 
col divinyl ether, triethylene glycol divinyl ether, butane- 
diol divinyl ether, divinyl ether of an adduct of butanediol 
with ethylene oxide and divinyl ethers of bisphenol A, 
hydrogenated bisphenol A or bisphenol A of pendant 
type. 

Component fb) 

The actinic radiation-sensitive initiator for cationic 
polymerization (b) to be used is a compound which gen- 
erates a cationic polymerization-initiating substance by 
irradiation with actinic radiation. Particularly, a group of 
onium double salts which can generate Lewis acids ca- 
pable of initiating polymerization by the irradiation are 
preferred. 

Representative examples of the onium double salt 
include those represented by the general formula: 



(SbF 6 ), hexafluoroarsenate (AsF:) and hexachloroan- 
timonate (SbCI-). 

Further, anions of the general formula: MX^OH)- 
can be used. Other anions which can be used according 
5 to the present invention include perchlorate ton (CIO" ), 
trifluoromethyl sulfite ion (CF 3 SOg), fluorosulfonate ion 
(FSO*), toluenesulfonate anion and trinitrobenzenesul- 
fonate anion. 

Among the onium salts described above, it is par- 
10 ticularly effective to use an aromatic onium salt as a cat- 
ionic polymerization initiator. Particularly preferred ex- 
amples of the aromatic onium salt include aromatic ha- 
fonium salts described in Japanese Patent Laid-Open 
Nos. 151996/1975 and 158680/1975; aromatic onium 
is salts of group VIA elements described in Japanese Pat- 
ent Laid-Open Nos. 151997/1975, 30899/1977 
55420/1981 and 125105/1980; aromatic onium salts of 
group VA elements described in Japanese Patent Laid- 
Open No. 158698/1975; oxosulfoxonium salts de- 
20 scribed in Japanese Patent Laid-Open Nos. 8428/1 98 1 
149402/1981 and 192429/1982; aromatic diazonium 
salts described in Japanese Patent Publication No. 
17040/1974 and thiopyrrylium salts described in U.S. 
Patent No. 4139655. Further, initiators comprising an 
25 aluminum complex and a photodecomposable silicon 
compound may be preferably used. 

The cationic polymerization initiators described 
above may be used together with a photosensitizer such 
as benzophenone, benzoin isopropyl ether or thioxan- 
30 thone. 

The resin composition according to the present in- 
vention may contain the radiation-sensitive initiator for 
cationic polymerization (b) in an amount of 0.1 to 15 
parts by weight, preferably 0.5 to 7 parts by weight per 
35 1 00 parts by weight of the radiation-curable and cation- 
ically polymerizable organic substance (a) used. 

Component (c) 



wherein the cation is an onium; 2 is S, Se, Te, P, As, Sb, 
Bi, O, halogen (such as I. Br or CI) or N^N; R 1 , R* R3 
and R» may be the same or different from each other 
and are each an organic group; a, b, c and d are each 
an integer of 0 to 3 with the proviso that the sum total of 
a, b, c and d is equal to the valance number of 2; M is 
a central atom of the halide complex and is a metal or 
metalloid such as B, P, As, Sb, Fe, Sn, Bi, Al, Ca, In, Ti, 
2n, Sc, V, Cr, Mn or Co; X is a halogen atom; m is the 
net charge of the halide complex ion and n is the valence 
number of M. 

Particular examples of the anion MX n+m of the 
above general formula include tetrafluoroborate (BF"), 
hexafluorophosphate (PF^ ), hexafluoroantimonate 



40 The actinic radiation-curable and radical-polymer- 
izable organic substance (c) to be used in the present 
invention is a radical-polymerizable compound which is 
polymerizable or crosslinkable by irradiation with an ac- 
tinic radiation in the presence of an actinic radiation- 
4S sensitive initiator for radical polymerization (d), provided 
always that at least 50% by weight of the substance (c) 
is composed of a compound having at least three un- 
saturated double bonds in its molecule. Subject to this 
proviso, component (c) is preferably one or more mem- 
50 bers selected from among acrylate, methacrylate, ally- 
lurethane, unsaturated polyester and polythiol com- 
pounds. Among these radical-polymerizable com- 
pounds and subject to the same proviso, those com- 
pounds having at least one acrylate group per molecule 
55 are preferable and examples thereof include epoxy acr- 
ylate, urethane acrylate, polyester acrylate, polyether 
acrylate and acrylates of alcohols. 

Preferred examples of the epoxy acrylate include 
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those prepared by the reaction of acrylic acid with con- 
ventional aromatic, alicyclic or aliphatic epoxy resins, 
among which acrylates of aromatic epoxy resins are 
particularly preferred. Such acrylates can be prepared 
by reacting acrylic acid with polyglycidyl ether of poly- 
hydric alcohol having at least one aromatic nucleus or 
adduct thereof with alkylene oxide. Particular examples 
thereof include acrylates prepared by reacting acrylic 
acid with glycidyl ether obtained by the reaction of ep- 
ichlorohydrin with bisphenol A or adduct thereof with 
alkylene oxide and acrylates prepared by the reaction 
of epoxynovolac resins with acrylic acid. 

Preferred examples of the urethane acrylate in- 
clude acrylates prepared by reacting isocyanates with 
one or more polyesters or polyethers containing a hy- 
droxyl group and hydroxyl-containing acrylate; and acr- 
ylates prepared by reacting isocyanate with hydroxyl- 
containing acrylate. The hydroxyl-containing polyester 
to be used in the above preparation is preferably one 
prepared by reacting one or more aliphatic polyhydric 
alcohols with one or more polybasic acids. Examples of 
the aliphatic polyhydric alcohol include 1,3-butanediol, 
1 ,4-butanediol, 1 ,6-hexanediol, diethylene glycol, trieth- 
ylene glycol, neopentyl glycol, polyethylene glycol, poly- 
propylene glycol, trimethylolpropane, glycerin, pentaer- 
ythritol and dipentaerythritol, while those of the polyba- 
sic acid include adipic acid, terephthalic acid, phthalic 
anhydride and trimellitic acid. The hydroxyl-containing 
polyether is preferably one prepared by the addition of 
an aliphatic polyhydric alcohol with one or more alkylene 
oxides. Examples of the aliphatic polyhydric alcohol in- 
clude 1,3-butanediol, 1 ,4-butanediol, 1 ,6-hexanediol, 
diethylene glycol, triethylene glycol, neopentyl glycol, 
polyethylene glycol, polypropylene glycol, trimethylo- 
propane, glycerin, penthaerythritol and dipentaerythri- 
tol, while those of the alkylene oxide include ethylene 
oxide and propylene oxide. The hydroxy-containing acr- 
ylate is preferably one prepared by the esterification of 
an aliphatic polyhydric alcohol with acrylic acid. Exam- 
ples of the aliphatic polyhydric alcohol include ethylene 
glycol, 1,3-butanediol, 1 ,4-butanediol. 1 ,6-hexanediol, 
diethylene glycol, triethylene glycol, neopentyl glycol, 
polyethylene glycol, polypropylene glycol, trimethylol- 
propane, glycerin, pentaerythritol and dipentaerythritol. 
Among the hydroxyl-containing acrylates described 
above, those prepared by the esterification of an aliphat- 
ic dihydric alcohol with acrylic acid (for example, 2-hy- 
droxyethyl acrylate) are particularly preferred. Prefera- 
ble isocyanates are those each having at least one iso- 
cyanate group in its molecule, among which di isocy- 
anates such as tolylene diisocyanate, hexamethylene 
diisocyanate and isophorone diisocyanate are particu- 
larly preferred. 

The polyester acrylate is preferably one prepared 
by the reaction of acrylic acid with hydroxyl-containing 
polyester. The hydroxyl-containing polyester to be used 
in the reaction is preferably one prepared by the ester- 
ification of one or more aliphatic polyhydric alcohols with 



one or more members selected from among mono- and 
poly-basic acids and phenols. Examples of the aliphatic 
polyhydric alcohol include 1 , 3-butanediol, 1 ,4-butanedi- 
ol, 1,6-hexanediol, diethylene glycol, triethylene glycol, 

5 neopentyl glycol, polyethylene glycol, polypropylene 
glycol, trimethylolpropane, glycerin, pentaerythritol and 
dipentaerythritol. Examples of the monobasic acid in- 
clude formic, acetic, butylcarboxylic and benzoic acids. 
Examples of the polybasic acid include adipic acid, 

io terephthalic acid, phthalic anhydride and trimellitic acid, 
while those of the phenol include phenol and p-nonyl- 
phenol. 

The polyether acrylate is preferably one prepared 
by reacting a hydroxyl-containing polyether with acrylic 

1& acid. The hydroxyl-containing polyether to be used in 
this reaction is preferably one prepared by the addition 
of an aliphatic polyhydric alcohol with one or more 
alkylene oxides. Examples of the aliphatic polyhydric al- 
cohol include 1,3-butanediol, 1 ,4-butanediol, 1,6-hex- 

20 anediol, diethylene glycol, triethylene glycol, neopentyl 
glycol, polyethylene glycol, polypropylene glycol, tri- 
methylolpropane, glycerin, pentaerythritol and dipen- 
taerythritol, while those of the alkylene oxide include 
ethylene oxide and propylene oxide. 

25 The acrylate of an alcohol is preferably one pre- 
pared by reacting acrylic acid with an aromatic or 
aliphatic alcohol having at least one hydroxy! group in 
its molecule or an adduct thereof with alkylene oxide. 
Examples thereof include 2-ethylhexyl acrylate, 2-hy- 

30 droxyethyl acrylate, 2-hydroxypropyl acrylate, isoamyl 
acrylate, lauryl acrylate, stearyl acrylate, isooctyl acr- 
ylate, tetrahydrofurfuryl acrylate, isobomyl acrylate, 
benzyl acrylate, 1 , 3-butanediol diacrylate, 1,4-butane- 
diol diacrylate, 1,6-hexanediol diacrylate, diethylene 

as glycol diacrylate, triethylene glycol diacrylate, neopentyl 
glycol diacrylate, polyethylene glycol diacrylate, poly- 
propylene glycol diacrylate, trimethylolpropane triacr- 
ylate, penthaerythritol triacrylate and dipentaerythritol 
hexaacrylate. 

*o Among the acrylates described above, polyacr- 
ylates of polyhydric alcohols are particularly preferred. 

The radical-polymerizable organic substances de- 
scribed above may be used alone or as a mixture of two 
or more of them depending upon the necessitated per- 
45 formance. 

Among the radiation-curable and radical-polymer- 
izable organic substances (c) described above, the in- 
vention requires the use of a compound having at least 
three unsaturated double bonds in its molecule. 

so 

Component ten 

The actinic radiation-sensitive initiator for radical 
polymerization (d) to be used in the present invention is 
a compound which can generate a substance capable 
of initiating radical polymerization by irradiation with an 
actinic radiation and examples thereof include various 
ketones such as acetophenone, benzoin ether, benzil, 
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benzophenone and thioxanthone compounds. Exam- 
ples of the acetophenone compound include diethoxy- 
acetophenone, 2-hydroxymethyM -phenylpropan- 
1 -one, 4Msopropyl-2-hydroxy-2-methylproptophenone, 
2-hydroxy-2-methylpropiophenone, p-dimethylami- 
noacetophenone, p-tert-butyldlchloroacetophenone, p- 
tert-butyltrichloroacetophenone and p-azidobenzalace- 
tophenone. Examples of the benzoin ether compound 
include benzoin, benzoin methyl ether, benzoin ethyl 
ether, benzoin isopropyl ether, benzoin n -butyl ether and 
benzoin isobutyl ether. Examples of the benzil com- 
pound include benzil, benzil dimethyl ketal, benzil p- 
methoxyethyl acetal and 1 -hydroxy eye lohexy I phenyl 
ketone. Examples of the benzophenone compound in- 
clude benzophenone, methyl o-benzoylbenzoate, Mich- 
ler's ketone. 4,4'-bisdiethylaminobenzophenone and 
4,4'-dichk>robenzophenone and those of the thioxan- 
thone compound include thioxanthone, 2-methylthiox- 
anthone, 2-ethylthioxanthone, 2-chlorothioxanthone 
and 2-isopropylthioxanthone. 

The radiation-sensitive initiators for radical polym- 
erization (d) described above may be used alone or as 
a mixture of two or more of them depending upon the 
desired performance. 

Now, the proportions of (a) the radiation-curable 
and cation ically polymerizabie organic substance, (b) 
the radiation-sensitive initiator for cation ic polymeriza- 
tion, (c) the radiation-curable and radical-polymerizable 
organic substance and (d) the radiation-sensitive initia- 
tor for radical polymerization will be described, wherein 
all proportions will be shown by parts (by weight). 

According to the present invention, it is preferable 
that the radiation-curable and cation ically polymerizabie 
organic substance (a) and the radiation-curable and 
radical-polymerizable organic substance (c) be con- 
tained in amounts of 40 to 95 parts and 5 to 60 parts, 
respectively, in a sum total of both of 100 parts. Partic- 
ularly, a composition characterized by containing the ra- 
diation-curable and cationically polymerizabie organic 
substance (a) and the radiation-curable and radical-po- 
lymerizable organic substance (c) in amounts of 50 to 
90 parts and 1 0 to 50 parts, respectively, exhibits excel- 
lent characteristics as a resin composition for optical 
molding. 

According to the present invention, a plurality of the 
radiation-curable and cationically polymerizabie organic 
substances and/or a plurality of the radiation -curable 
and radical-polymerizable organic substances may be 
used as the components (a) and (c), respectively, to at- 
tain the characteristics desired as a resin composition 
for optical molding. 

The amount of the radiation-sensitive initiator for 
cationic polymerization (b) to be used may be 0.1 to 10 
parts, preferably 0.5 to 6 parts, per 100 parts of the ra- 
diation-curable organic substance, i.e., the mixture of 
the radiation-curable and cationically polymerizabie or- 
ganic substance (a) and the radiation-curable and rad- 
ical-polymerizable substance (c). Meanwhile, the 



amount of the radiation-sensitive initiator for radical po- 
lymerization (d) to be used may be 0.1 to 10 parts, pref- 
erably 0.2 to 5 parts, per 1 00 parts of th radiation-cur- 
able organic substance used. A plurality of the radiation- 
s sensitive initiators for cationic polymerization and/or a 
plurality of the radiation-sensitive initiators for radical 
polymerization may be used as the components (b) and/ 
or (d), respectively, to attain the characteristics desired 
as a resin composition for optical molding. Further, 

10 these polymerization initiators may be each added to the 
radiation-curable organic substance in a state dissolved 
in a proper solvent. 

If the radiation-curable and cationically polymeriza- 
bie organic substance (a) is contained in too large an 

is amount, i.e., if the radiation-curable and radical-polym- 
erizable organic substance (c) is contained in too small 
an amount, the resulting composition will be disadvan- 
tageous in that the resolution of the composition is poor, 
because when it is cured with an actinic radiation, the 

20 polymerization thereof easily proceeds from the area ir- 
radiated with the acitinic radiation toward the peripheral 
area thereof, and that it takes several seconds until the 
completion of the polymerization after the irradiation 
with the actinic radiation, although the composition will 

2$ exhibit a reduced volume shrinkage in the curing thereof 
with the actinic radiation by virtue of less effect of atmos- 
pheric oxygen to therefor cause less distortion or frac- 
ture, and will be molded in a shortened time, because 
the composition can be easily prepared as a low-viscos- 

30 ity one. On the contrary, if the radiation-curable and rad- 
ical-polymerizable organic substance (c) is contained in 
too large an amount, i.e., if the radiation-curable and 
cationically polymerizabie organic substance (a) is con- 
tained in too small an amount, the resulting composition 

35 will be disadvantageous in that the curing of the compo- 
sition with an actinic radiation is hindered by atmospher- 
ic oxygen, that the volume shrinkage thereof caused by 
the curing is so large that the resulting cured product is 
liable to cause distortion or fracture and that it is sign if - 

^o icantly irritant to the skin, particularly when a low-viscos- 
ity radical-polymerizable resin is used for lowering the 
viscosity of the composition, although the composition 
will exhibit high resolution, because the polymerization 
hardly proceeds from the area irradiated with the actinic 

45 radiation toward the peripheral area thereof, and will 
take scarcely any time until the completion of the polym- 
erization after the irradiation with the actinic radiatbn. 
Thus, both the compositions are unsuitable for optical 
molding. 

50 The resin composition of the present invention 
wherein a radiation-curable and cationically polymeriz- 
abie organic substance (a 1 ) comprising at least 40% by 
weight of an alicyclic epoxy resin having at least two 
epoxy groups in its molecule and at least 30% by weight 

ss of a vinyl ether resin having at least two vinyl groups in 
its molecule is contained and at least 50% by weight of 
the radiation-curable and radical-polymerizable organic 
substance (c) is composed of a compound having at 
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least three unsaturated double bonds in its molecul is 
excellent in sensitivity to an actinic radiation, mechani- 
cal strengths and resolution and exhibits a shrinkag of 
3% or below, thus being particularly suitable for optical 
molding. 

Component (o) 

The filler (e) to be used in the present invention may 
be an organic or inorganic, powdery, fibrous or flaky ma- 
terial and examples thereof include mica powder, silica 
powder, quartz powder, carbon powder, calcium carbon- 
ate, alumina, aluminum hydroxide, aluminum silicate, 
zirconium silicate, iron oxides, barium sulfate, glass 
powder, glass fiber, asbestos, talc, diatomaceous earth, 
kaolin, dolomite, powdered metals, titanium oxide, pulp 
powder, nylon powder, crosslinked polyethylene pow- 
der, crosslin ked polystyrene powder, crosslinked phe- 
nolic resin powder, crosslinked urea resin powder, 
crosslinked melamine resin powder, crosslinked polyes- 
ter resin powder, crosslinked epoxy resin powder and 
crosslinked polymethyl methacrylate resin powder. 

The filler to be used for the resin composition for 
optical molding according to the present invention must 
satisfy requirements that it hinders neither cation ic nor 
radical polymerization, that it hardly reflect or scatter la- 
ser beams, that it does not affect the heat stability of the 
resinous components and that the mixture thereof with 
the resinous components has a relatively low viscosity. 

Preferred examples of the filler to be used for the 
preparation of the resin composition of the present in- 
vention include silica, calcium carbonate, glass powder, 
barium sulfate, talc, mica powder, crosslinked polysty- 
rene powder and crosslinked epoxy resin powder. 

These fillers may be used alone or as a mixture of 
two or more of them depending upon the desired per- 
formance. 

Now, the proportions of (a) the radiation-curable 
and cation ically polymerizable organic substance, (b) 
the radiation-sensitive initiator for cationic polymeriza- 
tion, (c) the radiation-curable and radical-polymerizable 
organic substance, (d) the radiation-sensitive initiator 
for radical polymerization and, optionally, (e) the filler ac- 
cording to the present invention will be described, 
wherein all proportions will be shown by parts (by 
weight). 

According to the present invention, it is preferable 
to use the filler in an amount of 0.5 to 30 parts, still pref- 
erably 1 to 20 parts, per 100 parts of the mixture of the 
radiation-curable and cation ically polymerizable organic 
substance(a) and the radiation-curable and radical-po- 
lymerizable organic substance (c) from the standpoint 
of the optical molding characteristics of the resulting 
composition. 

According to the present invention, a plurality of the 
fillers may be used as the component (e) to thereby at- 
tain the characteristics desirable as a resin composition 
for optical molding. 



If the radiation-curable and cationically polymeriza- 
ble organic substance (a) is contained in too large an 
amount, i.e., if the radiation-curable and radical-polym- 
erizable organic substance (c) is contained in too small 
s an amount, the resulting composition will be disadvan- 
tageous in that the resolution of the composition is poor, 
because when it is cured with an actinic radiation, the 
polymerization thereof easily proceeds from the area ir- 
radiated with the actinic radiation toward the peripheral 
io area thereof, and that it takes several seconds until the 
completion of the polymerization after the irradiation 
with the actinic radiation, although the composition will 
exhibit a reduced volume shrinkage in the curing thereof 
with the actinic radiation by virtue of less effect of atmos- 
is pheric oxygen to therefor cause less distortion or frac- 
ture, and will be molded in a shortened time, because 
the composition can be easily prepared as a low-viscos- 
ity one. On the contrary, if the radiation-curable and rad- 
ical-polymerizable organic substance (c) is contained in 
20 too large an amount, i.e., if the radiation-curable and 
cationically polymerizable organic substance (a) is con- 
tained in too small an amount, the resulting composition 
will be disadvantageous in that the curing of the compo- 
sition with an actinic radiation is hindered by atmospher- 
es ic oxygen, that the volume shrinkage thereof caused by 
the curing is so large that the resulting cured product is 
liable to cause distortion or fracture and that it is signif- 
icantly irritant to the skin, particularly when a low-viscos- 
ity radical-polymerizable resin is used for lowering the 
30 viscosity of the composition, although the composition 
will exhibit high resolution, because the polymerization 
hardly proceeds from the area irradiated with the actinic 
radiation toward the peripheral area thereof, and will 
take scarcely any time until the completion of the polym- 
35 erization after the irradiation with the actinic radiation. 
Thus, both the compositions are unsuitable for optical 
molding. 

A resin composition for optical molding further con- 
taining (e) the filler in an amount of 0.5 to 30 parts per 
1 00 parts of the mixture of (a) the radiation-curable and 
cationically polymerizable organic substance and (c) the 
radiation-curable and radical-polymerizable organic 
substance exhibits a remarkably reduced cure shrink- 
age and improved mechanical strength to give a cured 

45 product having reduced distortion, thus being excellent 
as a resin composition for optical molding. When the fill- 
er is contained in an amount of 1 to 20 parts per 100 
parts of the mixture of the radiation-curable and cation- 
ically polymerizable organic substance (a) and the radi- 

so ation-curable and radical-polymerizable organic sub- 
stance (c), the resulting resin composition is particularly 
suitable for optical molding. 

The resin composition according to the present in- 
vention exhibits excellent cationic polymerizability, re- 

55 duction of viscosity, ultraviolet transmission, curability of 
thin film, volume shrinkage and resolution by virtue of 
the presence of an alicyclic epoxy resin having at least 
two epoxy groups in its molecule in an amount exceed- 
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ing a predetermined one. Further, th cation Ic polymer- 
izability of the resin composition is remarkably en- 
hanced by the presence of a vinyl ether resin having at 
least two vinyl groups in its molecule of an amount ex- 
ceeding a predetermined one. 

Now, the proportions of (a ) the radiation-curable 
and cationically polymerizable organic substance, (b) 
the radiation-sensitive initiator for cationic polymeriza- 
tion, (c) the radiation-curable and radical-polymer izable 
organic substance and (d) the radiation-sensitive initia- 
tor for radical polymerization will be described, wherein 
all proportions will be shown by parts (by weight). 

According to the present invention, it is preferable 
that the radiation-curable and cationically polymerizable 
organic substance (a ) and the radiation-curable and 
radical-potymerizable organic substance (c) be con- 
tained in amounts of 40 to 95 parts and 5 to 60 parts, 
respectively, in a sum total of both of 100 parts. Partic- 
ularly, a composition characterized by containing the ra- 
diation-curable and cationically polymerizable organic 
substance (a) and the radiation-curable and radical-po- 
lymerizabte organic substance (c) in amounts of 50 to 
90 parts and 1 0 to 50 parts, respectively, exhibits excel- 
lent characteristics as a resin composition for optical 
molding. 

According to the present invention, a plurality of the 
radiation-curable and cationically polymerizable organic 
substances and/or a plurality of the radiation-curable 
and radical-polymer izable organic substances may be 
used as the components (a) and (c), respectively, to at- 
tain the characteristics desired as a resin composition 
for optical molding. 

The amount of the radiation-sensitive initiator for 
cationic polymerization (b) to be used may be 0.1 to 10 
parts, preferably 0.5 to 6 parts per 100 parts of the ra- 
diation-curable organic substance, i.e., the mixture of 
the radiation-curable and cationically polymerizable or- 
ganic substance (a) and the radiation-curable and rad- 
ical-polymerizable substance (c). Meanwhile, the 
amount of the radiation-sensitive initiator for radical po- 
lymerization (d) to be used may be 0.1 to 10 parts, pref- 
erably 0.2 to 5 parts per 1CK3 parts of the radiation-cur- 
able organic substance used. A plurality of the radiation- 
sensitive initiators for cationic polymerization and/or a 
plurality of the radiation-sensitive initiators for radical 
polymerization may be used as the components (b) and/ 
or (d), respectively, to attain the characteristics desired 
as a resin composition for optical molding. Further, 
these polymerization initiators may be each added to the 
radiation-curable organic substance in a state dissolved 
in a proper solvent. 

If the radiation-curable and cationically polymeriza- 
ble organic substance (a) is contained in too large an 
amount, i.e., if the radiation-curable and radical -polym- 
er izable organic substance (c) is contained in too small 
an amount, the resulting composition will be disadvan- 
tageous in that the resolution of the composition is poor, 
because when it is cured with an actinic radiation, the 



polymerization thereof easily proceeds from the area ir- 
radiated with the actinic radiation toward the peripheral 
area thereof, and that it takes several seconds until the 
completion of the polymerization after the irradiation 

s with the actinic radiation, although the composition will 
exhibit a reduced volume shrinkage in the curing thereof 
with the actinic radiation by virtue of less effect of atmos- 
pheric oxygen to therefor cause less distortion or frac- 
ture, and will be molded in a shortened time, because 

10 the composition can be easily prepared as a low-viscos- 
ity one. One the contrary, if the radiation-curable and 
radical -polymerizable organic substance (c) is con- 
tained in too large an amount, i.e., if the radiation-cura- 
ble and cationically polymerizable organic substance (a) 

is is contained in too small an amount, the resulting com- 
position will be disadvantageous in that the curing of the 
composition with an actinic radiation is hindered by at- 
mospheric oxygen, that the volume shrinkage thereof 
caused by the curing is so large that the resulting cured 

20 product is liable to cause distortion or fracture and that 
it is significantly irritant to the skin, particularly when a 
low-viscosity radical-polymerizable resin is used for low- 
ering the viscosity of the composition, although the com- 
position will exhibit high resolution, because the polym- 

25 erization hardly proceeds from the area irradiated with 
the actinic radiation toward the peripheral area thereof, 
and will take scarcely any time until the completion of 
the polymerization after the irradiation with the actinic 
radiation. Thus, both the compositions are unsuitable for 

30 optical molding. 

If necessary, the resin composition for optical mold- 
ing according to the present invention may contain other 
materials in suitable amounts, as far as the effect of the 
present invention is not adversely affected. Examples 

35 of such materials include radical-polymerizable organic 
substances other than the above-mentioned cationically 
polymerizable organic substances; heat-sensitive po- 
lymerization initiators; various additives for resins such 
as coloring agents such as pigment and dye, antifoam- 

40 ing agent, leveling agent, thickening agent, flame retard- 
ant and antioxidant; fillers such as silica, glass powder, 
ceramic powder and metal powder and modifier resins. 
Particular examples of the radical-polymerizable organ- 
ic substance include acrylate resins such as epoxy acr- 

45 yiate, urethane acrylate, polyester acrylate and poly- 
ether acrylate, while those of the heat-sensitive polym- 
erization initiator includes aliphatic onium salts dis- 
closed in Japanese Patent Laid-Open Nos. 49613/1982 
and 37004/1983. 

so The viscosity of the composition according to the 
present invention at ordinary temperature is preferable 
2000 cps or below, still preferably 1000 cps or below. If 
the viscosity thereof is too high, the molding time will be 
bng to result in poor workability. It is generally desirable 

55 from the standpoint of dimensional accuracy that a 
molding resin composition exhibit a small volume 
shrinkage in the curing. It is preferable that the resin 
composition of the present invention exhibit a volume 
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shrinkage of at most 5%, still preferably at most 3% in 
the curing. 

The present invention can be practically carried out 
by, for example, a process disclosed in Japanese Patent 
Laid-Open No. 247515/1985, which comprises putting 
a resin composition for optical molding according to the 
present invention in a container, inserting a photocon- 
ductor into the resin composition and selectively feeding 
an actinic radiation necessary for the curing through the 
photoconductor, while moving the container and the 
photoconductor relatively, thus molding the composition 
into a solid having an objective shape. The actinic radi- 
ation to be used in the curing of the composition accord- 
ing to the present invention may be ultraviolet ray, elec- 
tron beam, X-ray, radiation or radiofrequency radiation, 
among which ultraviolet ray having a wavelength of 
1800 to 5000 A is economical. The source thereof in- 
cludes ultraviolet laser, mercury lamp, xenon lamp, so- 
dium lamp, alkali metal lamp and so on, among which 
laser beams are particularly preferred. The use of laser 
beams shortens the molding time by virtue of its high 
energy level and enhances the molding accuracy by vir- 
tue of its excellent condensability. 

Further, it is effective to use a point source obtained 
by condensing the ultraviolet rays emitted from various 
lamps such as a mercury lamp. The selective feeding of 
the actinic radiation necessary for the curing of the com- 
pos it ton can be carried out by irradiating the resin com- 
position alternately with at least two light fluxes each 
having a wavelength corresponding to twice that suita- 
ble for the curing of the composition and having the 
same phase in such a way that the fluxes cross each 
other in the composition, thus obtaining the radiation 
necessary for the curing of the composition by diphot- 
onic absorption. The above irradiation may be carried 
out while moving the position of crossing of the fluxes. 
The above light fluxes having the same phase can be 
given by, for example, laser beams. 

The curing of the composition with an actinic radia- 
tion according to the present invention proceeds 
through cationic and radical polymerization. Therefor, 
the composition may be heated to a temperature of 
about 30 to 100 9 C during the irradiation thereof with the 
actinic radiation to thereby accelerate the crosslinking 
and curing thereof effectively. 

Alternatively, the composition may be molded with the 
actinic radiation and thereafter treated by heating to 40 
to 400° C or irradiation with UV rays from a mercury lamp 
to thereby give a molded article improved in mechanical 
strengths. 

The resin composition for optical molding according 
to the present invention is suitable for preparing a three- 
dimensional model by stacking laminar moldings and 
can be molded by CAD/CAM and docking without using 
any mold into a model of any complicated shape having 
a freely curved surface or the like with high accuracy, 
thus being industrially valuable extremely- Therefor, the 
resin composition of the present invention is applicable 



to various uses including a model for examining the ap- 
pearance of an article in the course of designing, a mod- 
el for cheking the fitness between components, a wood- 
en model for preparing a casting mold and a model for 

5 the preparation of a mold by profiling. 

Particularly, the composition is applicable to the 
preparation of models of various articles having curved 
surfaces, such as automobile, electronic or electrical 
component, furniture, structural component for building, 

10 toy, container, casting and doll. 

Since the resin composition for optical molding ac- 
cording to the present invention contains both an actinic 
radiation-curable and cation ically polymerizable organic 
substance and an actinic radiation-curable and radical- 

15 polymerizable organic substance, it has both of the ad- 
vantages inherent in the radiation-curable and cattoni- 
cally polymerizable organic substance and those inher- 
ent in the radiation-curable and radical -polymerizable 
organic substance. A cationically polymerizable resin 

20 composition is advantageous in that the curing of the 
resin composition with an actinic radiation is not hin- 
dered by atmospheric oxygen at all, that the volume 
shrinkage of the resin composition caused by curing is 
so small that the obtained cured product hardly causes 

25 distortion or fracture and is excellent in strengths and 
that a low-viscosity resin composition can be easily ob- 
tained to shorten the molding time. However, it is disad- 
vantageous in that the curing (polymerization) thereof 
with an actinic radiation so easily proceeds from the ar- 

30 ea irradiated with the actinic radiation toward the periph- 
eral area thereof that the resolution is poor and that it 
takes several seconds until the completion of the polym- 
erization thereof after the irradiation thereof with the ac- 
tinic radiation. Meanwhile, a radical-polymerizable resin 

35 composition is advantageous in that the curing (polym- 
erization) of the composition with an actinic radiation 
hardly proceeds from the area irradiated with the actinic 
radiation toward the peripheral area thereof to give ex- 
cellent resolution and that it takes scarcely any time until 

40 the completion of the polymerization thereof after the ir- 
radiation with the actinic radiation. However, it is disad- 
vantageous in that the polymerization thereof is hin- 
dered by atmospheric oxygen, that the cure shrinkage 
is significant, that the cured product thereof has poor 

45 mechanical strengths and that it is irritant to the skin and 
has strong odor, particularly when the viscosity of the 
composition is low. 

The resin composition for optical molding according 
to the present invention which comprises (a) the radia- 

50 tion-curable and cationically polymerizable organic sub- 
stance, (b) the radiation-sensitive initiator for cationic 
polymerization, (c) the radiation-curable and radical-po- 
lymerizable organic substance, (d) the radiation-sensi- 
tive initiator for radical polymerization and (e) the inor- 

55 ganic filler has the fol towing characteristics: the compo- 
sition is hardly affected by atmospheric oxygen; the vol- 
ume shrinkage thereof caused by curing is so small that 
the cured product hardly causes distortion or fracture; a 
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low-viscosity resin composition can be easily obtained 
to shorten the molding time; the polymerization of the 
composition with an actinic radiation hardly proceeds 
from the area irradiated with the actinic radiation toward 
the peripheral area thereof to give excellent resolution; 
it takes scarcely any time until the completion of the pol- 
yerization after the irradiation with the actinic radiation; 
and the cured product thereof is excellent in mechanical 
strength and hardness. 

Examples 



Example 3 

85 parts of 3,4-epoxycyclohexylmethyl 3,4-epoxy- 
cyclohexanecarboxylate, 15 parts of dipentaerythritol 

s hexaacrylate, 3 parts of triphenylsutfonium hexafluoro- 
antimonate and 1 part of benzophenone were sufficient- 
ly mixed with each other to prepare a resin composition 
for optical molding. This composition was molded into a 
cup with the same laboratory molding equipment as that 

10 used in Example 1. This cup was free from distortion 
and was excellent in molding accuracy. 



Representative embodiments of the present inven- 
tion will be described in detail as Examples, though the 
present invention is not limited by them. In the following 
Examples, all parts are by weight. Examples I to II fall 
outside the scope of the invention as claimed. 

Example 1 

100 parts of a cation ically polymerizable organic 
substance comprising 60 parts of 3,4-epoxycyclohexy- 
lmethyl 3,4-epoxycyctohexanecarboxylate and 20 parts 
of 1 ,4-butanediol diglycidyl ether was sufficiently mixed 
with 2 parts of an actinic radiation-sensitive initiator for 
cationic polymerization, bis[4-(diphenylsulfonio)phenyl] 
sulfide bisdihexafiuoroantimonate, to give a resin com- 
position for molding having a tow viscosity of 160 cps. 
This resin composition was molded into a cylinder hav- 
ing a diameter of 1 2 mm, a height of 1 5 mm and a thick- 
ness of 0.5 mm by the use of laboratory molding equip- 
ment comprising a three-dimensional numerically con- 
trolled table on which a container for a resin composition 
was placed, a helium-cadmium laser (of wavelength of 
325 nm) and a control unit mainly composed of an op- 
tical system and a personal computer. This cylinder was 
free from distortion and was excellent in molding accu- 
racy, mechanical strength and hardness. 

Example 2 

A cation ically polymerizable organic substance 
comprising 30 parts of bisphenol A diglycidyl ether, 60 
parts of 3,4-epoxycyclohexylmethyl 3,4-epoxycyclohex- 
anecarboxylate and 10 parts of vinylcyclohexene diox- 
ide was sufficiently mixed with 1 .5 parts of an actinic ra- 
diation-sensitive polymerization initiator, triphenylsulfo- 
nium hexafluoroantimonate, to give a homogeneous 
resin composition for optical molding. This composition 
was molded by heating to 60° C into a complicated con- 
ical article with the same laboratory equipment of laser 
molding as that used in Example 1 . The composition 
was excellent in curability with laser beams and gave a 
molded article excellent in accuracy and mechanical 
strength. 



Comparative Example 1 

is An actinic radiation-curable and radical-polymeriz- 
able resin composition comprising 70 parts of polyester 
acrylate, 30 parts of trimethylolpropane triacrylate and 
3 parts of isobutyl benzoin ether was molded into a cyl- 
inder with the same equipment as that used in Example 

20 1 according to the same process as that described in 
Example 1 . The composition was so poor in sensitivity 
to laser beams that the molding thereof took a long time. 
Further, the obtained cylinder caused distortion due to 
significant cure shrinkage to result in poor molding ac- 

25 curacy and mechanical strength. 

Example 4 

85 parts of 3,4-epoxycyclohexylmethyl 3,4-epoxy- 

30 cyclohexanecarboxylate as the radiation -curable and 
cationically polymerizable organic substance (a), 3 
parts of bis-[4-(diphenylsulfonio)phenyl] sulfide bisdi- 
hexafiuoroantimonate as the radiation-sensitive initiator 
for cationic polymerization (b), 15 parts of dipentaeryth- 

3S ritol hexaacrylate as the radiation-curable and radical- 
polymerizable organic substance (c) and 1 part of ben- 
zophenone as the radiation-sensitive initiator for radical 
polymerization (d) were sufficiently mixed with each oth- 
er to give a resin composition for optical molding. This 

40 composition was molded into a cone having a base di- 
ameter of 12 mm, a height of 15 mm and a thickness of 
0.5 mm by the use of laboratory equipment of optical 
molding comprising a three<fimensional numerically 
controlled table on which a container for a resin compo- 

45 sition was placed, a helium-cadmium laser (wavelength 
of 325 mm) and a control unit mainly composed of an 
optical system and a personal computer. This cone was 
free from distortion to exhibit extremely high molding ac- 
cudracy and was excellent in mechanical strengths. 

so 

Example 5 

50 parts of 3,4-epoxycyclohexylmethyl 3,4-epoxy- 
cyclohexanecarboxylate and 20 parts of 1 ,4-butanediol 
55 diglycidyl ether as the radiation-curable and cationically 
polymerizable organic substance (a), 3 parts of triphe- 
nylsulfonium hexafluoroantimonate as the radiation- 
sensitive initiatorfor cationic polymerization (b), 20 parts 
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of dipentaerythritol hexaacry late and 1 0 parts of trimeth- 
ylolpropane triacrylate as the radiation-curable and rad- 
ical-polymer izable organic substance (c) and 1 part of 
benzil dimethyl ketal as the radiation-sensitive initiator 
for radical porymerization (d) were mixed with each oth- & 
er to prepare a resin composition for optical molding. 
This composition was molded into a hanging bell- 
shaped article with the same laboratory equipment of 
laser molding as that used in Example 4. This article was 
free from distortion to exhibit extremely high molding ac- 10 
curacy and was excellent in curability with laser beams. 
Further, the composition was easily handlable by virtue 
of its low-viscosity and was excellent in curability with 
laser beams. 

75 

Example 6 

20 parts of bisphenol A diglycidyl ether, 30 parts of 
3, 4-epoxycyclohexy Imethyl 3, 4-epoxycyc lohexanecar- 
boxy late and 1 0 parts of vinylcyclohexene oxide as the 20 
radiation-curable andcationically polymerizable organic 
substance (a), 2 parts of triphenylsulfonium hexafluoro- 
antimonate as the radiation-sensitive initiator for cat ion- 
ic porymerization, 1 5 parts of bisphenol A epoxyacry late 
and 25 parts of pentaerythrrtol triacrylate as the radia- 25 
tion-curable and radical-poiymerizabie organic sub- 
stance (c) and 2 parts of 2,2-diethoxyacetophenone as 
the radiation-sensitive initiator for radical polymerization 
(d) were sufficiently mixed with each other to give a resin 
composition for optical molding. The composition was 30 
molded into a cup by heating to 60° C with the same lab- 
oratory equipment of laser molding as that used in Ex- 
ample 1 . This cup was free from distortion to exhibit ex- 
cellent molding accuracy. 

35 

Example 7 

50 parts of 3,4-epoxycyclohexylmethyl 3,4-epoxy- 
cyclohexanecarboxylate, 1 0 parts of 1 ,4-butanediol dig- 
lycidyl ether and 20 parts of triethylene glycol divinyl 40 
ether as the radiation-curable and cation tcally polymer- 
izable organic substance (a), 20 parts of dipentaeryth- 
ritol hexaacrylate as the radiation-curable and radical- 
polymerizable organic substance (c), 2 parts of bis[4- 
(diphenylsulfonio)-phenyl] sulfide bisdihexafluoroanti- 45 
monate as the radiation-sensitive initiator for cation ic 
porymerization (b) and 1 part of ben zophe none as the 
radiation-sensitive initiator for radical polymerization (d) 
were sufficiently mixed with each other to give a resin 
composition for optical molding. This composition was so 
molded into a hanging bell-shaped article with the same 
laboratory equipment for laser molding as that used in 
Example 4. This article was free from distortion and was 
excellent in mechanical strength, molding accuracy and 
surface smoothness. ss 



Comparative Example 2 

70 parts of bisphenol A epoxyacrylate, 30 parts of 
trimethylolpropane triacrylate and 3 parts of benzil dime- 
thyl ketal were sufficiently mixed with each other to pre- 
pare an actinic radiation-curable and radical -polymer iz- 
able resin composition. This composition was molded 
into a conical article similar to that prepared in Example 
4 with the same laboratory equipment as that used in 
Example 4. This article caused distortion due to signifi- 
cant cure shrinkage to result in poor molding accuracy. 

Example 8 

65 parts of 3,4-epoxycyclohexylmethyl 3, 4-epoxy- 
cyc Ion exanecarboxy late and 20 parts of 1 ,4-butanediol 
diglycidyl ether as the radiation-curable and cation tcally 
polymerizable organic substance (a), 3 parts of bis[4- 
(diphenylsulfonio)phenyl] sulfide bisdihexafuloroanti- 
monate as the radiation-sensitive initiator for cationic 
polymerization (b), 1 5 parts of dipentaerythritol hexaacr- 
ylate as the radiation-curable and radical-poly me rizable 
organic substance (c), 1 part of benzophenone as the 
radiation-sensitive initiator for radical polymerization (d) 
and 5 parts of silica powder as the filler (e) were suffi- 
ciently mixed with each other to give a resin composition 
for optical molding. This composition was molded into a 
cone having a base diameter of 1 2 mm and a thickness 
of 0.5 mm with laboratory equipment of optical molding 
comprising a three-dimensional numerically controlled 
table on which a container for a resin composition was 
placed, a helium -cadmium laser (wavelength of 325 nm) 
and a control unit mainly composed of an optical system 
and a personal computer. This cone was free from dis- 
tortion to exhibit extremely high molding accuracy and 
was excellent in mechanical strength. 

In order to determine the molding accuracy, the 
base diameter of the cone was measured at ten arbitrary 
points to calculate the scatter. The mean error from the 
mean value (hereinafter referred to as "molding accura- 
cy") was 1.1%, which means high accuracy. Further the 
cure shrinkage was calculated based on the difference 
in the specific gravity between the liquid resin and the 
cured product. The shrinkage was as very low as 2.0%. 

Example 9 

50 parts of 3,4-epoxycyclohexylmethyl 3,4-epoxy- 
cyclohexanecarboxylate and 20 parts of 1 ,4-butanediol 
diglycidyl ether as the radiation-curable and cationicaily 
polymerizable organic substance (a), 3 parts of triphe- 
nylsulfonium hexafluoroantimonate as the radiation- 
sensitive initiator for cationic polymerization (b), 20 part 
of dipentaerythritol hexaacrylate and 1 0 parts of trimeth- 
ylolpropane triacrylate as the radiation-curable and rad- 
ical-poiymerizabie organic substance (c), 1 part of ben- 
zil dimethyl ketal as the radiation-sensitive initiator for 
radical porymerization (d) and 5 parts of glass powder 
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as the filler (e) were sufficiently mixed with each other 
to prepare a resin composition for optical molding. This 
composition was molded into a hanging bell-shaped ar- 
ticle with the same laboratory equipment of laser mold- 
ing as that used in Example 1 . This article was free from 
distortion to exhibit extremely high molding accuracy 
and was excellent in mechanical strength. Further, the 
composition had a low viscosity to therefor be easily 
handiable and was excellent in curability with laser 
beams. 

Separately, in order to determine the molding accu- 
racy and the cure shrinkage, the above composition was 
molded into a cone similar to that prepared in Example 
8. The molding accuracy was 1 .2% and the cure shrink- 
age was 1.9%. 

Example 1 0 

10 parts of bisphenol A diglycidyl ether, 40 parts of 
3,4-epoxycycbhexyimethyl 3,4-epoxycyclohexanecar- 
boxylate and 1 0 parts of vinylcyclohexene oxide as the 
radiation-curable and cation ically polymerizable organic 
substance (a), 2 parts of triphenylsulfonium hexafluoro- 
antimonate as the radiation-sensitive in itiator for cation- 
ic polymerization (b), 1 5 parts of bisphenol A epoxyacr- 
ylate and 25 parts of pentaerythritol triacryJate as the 
radiation-curable and radical polymerizable organic 
substance (c), 2 parts of 2,2-diethoxyacetophenone as 
the radiation -sensitive in itiator for radical polymerization 
(d) and 10 parts of mica powder as the filler (e) were 
sufficiently mixed with each other to obtain a resin com- 
position for optical molding. This composition was mold- 
ed by heating to 60°C into a cup with the same labora- 
tory equipment of laser molding as that used in Example 
1 . This cup was free from distortion to exhibit excellent 
molding accuracy. 

Meanwhile, in order to determine the molding accu- 
racy and the cure shrinkage, the composition was mold- 
ed into a cone similar to that prepared in Example 8. The 
molding accuracy was 1 .5% and the cure shrinkage was 
1.9%. 

Example 1 1 

55 parts of 3,4-epoxycyciohexylmethyl 3,4-epoxy- 
cyclohexanecarboxylate, 1 0 parts of 1 ,4-butanediol dig- 
lycidyl ether and 15 parts of triethylene glycol divinyl 
ether as the radiation-curable and cationically polymer- 
izable organic substance (a), 2 parts of bis[4-(diphenyl- 
sulfonfc>)phenyl] sulfide bisdihexafluoroantimonate as 
the radiation-sensitive initiator for cationic polymeriza- 
tion (b), 20 parts of dipentaerythritol hexaacrylate as the 
radiation-curable and radical-poly merizable organic 
substance (c), 1 part of benzophenone as the radiation- 
sensitive initiator for radical polymerization (d) and 20 
parts of crosslinked polystyrene powder as the filler (e) 
were sufficiently mixed with each other to give a resin 
composition for optical molding. This composition was 



molded into a hanging bell-shaped article with the same 
laboratory equipment of laser molding as that used in 
Example 8. This article was free from distortion and was 
excellent in mechanical strength, molding accuracy and 
s surface smoothness. 

Separately, in order to determine the molding accu- 
racy and the cure shrinkage, the above composition was 
molded into a conical article similar to that prepared in 
Example 8. The molding accuracy was 0.9% and the 
10 cure shrinkage was 1 .6%, which means extremely high 
accuracy. 

Example 12 

is 55 parts of 3,4-epoxycyclohexylmethyl 3,4-epoxy- 
cyclohexanecarboxylate and 30 parts of bisphenol A di- 
vinyl ether as the radiation-curable and cationically po- 
lymerizable organic substance (a), 3 parts of bis[4- 
(diphenylsulfonyl)phenyl] sulfide bisdihexafluoroanti- 

20 monate as the radiation-sensitive initiator for cationic 
polymerization (b), 1 5 parts of dipentaerythritol hexaacr- 
ylate as the radiation-curable and radical-porymerizable 
organic substance (c) and 1 part of benzophenone as 
the radiation-sensitive initiator for radical polymerization 

25 (d) were sufficiently mixed with each other to give a resin 
composition for optical molding. This composition was 
molded into a cone having a base diameter of 12 mm, 
a height of 15 mm and a thickness of 0.5 mm with lab- 
oratory equipment of optical molding comprising a 

30 three-dimensional numerically controlled table on which 
a container for a resin composition was placed, a heli- 
um-cadmium laser (wavelength of 325 nm) and a control 
unit mainly composed of an optical system and a per- 
sonal computer. This cone was free from distortion to 

35 exhibit extremely high molding accuracy and was excel- 
lent in mechanical strength. 

In order to compare the polymerization rates with 
each other, the molding time of the composition was de- 
term ined. The time was as short as 30 minutes. 

40 

Example 13 

45 parts of 3,4-epoxycyclohexylmethyl 3,4-epoxy- 
cyclohexanecarboxylate and 25 parts of triethylene gly- 

45 col divinyl ether as the radiation-curable and cationically 
polymerizable organic substance (a), 3 parts of bis[4- 
(diphenylsulfonio)phenyl] sulfide bisdihexafluoroanti- 
monate as the radiation-sensitive initiator for cationic 
polymerization (b), 20 parts of dipentaerythritol hexaacr- 

50 ylate and 10 parts of trimethylolpropane triacrylate as 
the radiation-curable and radical-porymerizable organic 
substance (c) and 1 part of benzil dimethyl ketal as the 
radiation-sensitive initiator for radical polymerization (d) 
were sufficiently mixed with each other to prepare a res- 

55 in composition for optical molding. This composition was 
molded into a hanging bell-shaped article with the same 
laboratory equipment of laser molding as that used in 
Example 1 . This article was free from distortion to exhibit 



11 



21 



EP 0 360 869 B1 



22 



extremely high molding accuracy and was excellent In 
mechanical strength. Further, the composition had such 
a low viscosity of 1 30 cps (25°C) as to be easily hand- 
lable and exhibited excellent laser curability. 

Besides, in order to determine the rate of the po- 
lymerization of the composition with laser beams, the 
composition was molded into a conical article similar to 
that prepared in Example 12. The molding time was 30 
minutes. 

Example 14 

10 parts of bisphenol A diglycidyl ether, 30 parts of 
3,4-epoxycyclohexylmethyl 3,4-epoxycyclohexanecar- 
boxylate and 20 parts of ethylene glycol diviny I ether as 
the radiation-curable and cationically polymerizable or- 
ganic substance (a), 2 parts of triphenylsulfonium hex- 
afluoroantimonate as the radiation-sensitive initiator for 
cationic polymerization (b), 15 parts of bisphenol A 
epoxyacrylate and 25 parts of pentaerythritol triacrylate 
as the radiation-curable and radical -polymerizable or- 
ganic substance (c) and 2 parts of 2,2-diethoxyace- 
tophenone as the radiation-sensitive initiator for radical 
polymerization (d) were sufficiently mixed with each oth- 
er to give a resin composition for optical molding. This 
composition was molded by heating to 60'C into a cup 
with the same laboratory equipment of laser molding as 
that used in Example 12. This cup was free from distor- 
tion to exhibit excellent molding accuracy. 

Separately, in order to determine the polymerization 
rate, the above composition was molded into a conical 
article similar to that prepared in Example 1 2. The mold- 
ing rate was high by virtue of the heating to 60°C, so 
that the molding time was as very short as 20 minutes. 

Example 15 

50 parts of 3,4-epoxycyclohexylmethyl 3,4-epoxy- 
cyclohexanecarboxylate and 30 parts of trimethylolpro- 
pane trivinyl ether as the radiation<urable and cationi- 
cally polymerizable organic substance (a), 2 parts of 
triphenylsulfonium hexafluoroantimonate as the radia- 
tion-sensitive initiator for cationic polymerization (b), 20 
parts of dipentaerythritol hexaacrylate as the radiation- 
curable and radical-polymerizable organic substance 
(c) and 2 parts of benzoin isopropyl ether as the radia- 
tion-sensitive initiator for radical polymerization (d) were 
sufficiently mixed with each other to give a resin com- 
position for optical molding. This composition was mold- 
ed into a hanging bell-shaped article with the same lab- 
oratory equipment of laser molding as that used in Ex- 
ample 12. This article was free from distortion and was 
excellent in mechanical strength, molding accuracy and 
surface smoothness. 

Meanwhile, in order to determine the polymeriza- 
tion rate, the above composition was molded into a con- 
ical arti.cle similar to that prepared in Example 12. The 
molding time was 30 minutes. 



Claims 

1 . A resin composition for optical moulding character- 
ised in that it comprises (a) an actinic radiation-cur- 
s able and cationically polymerizable organic sub- 
stance; (b) an actinic radiation-sensitive initiator for 
cationic polymerization; (c) a further organic sub- 
stance which is actinic radiation-curable and radi- 
cal-polymerizable and (d) an actinic radiation -sen- 
's sitive initiator for radical polymerization, and in that 
at least 40% by weight of said actinic radiation-cur- 
able and cation ically polymerizable organic sub- 
stance (a) is composed of an alicyclic epoxy resin 
having at least two epoxy groups in its molecule, at 
is least 30% by weight thereof is composed of a vinyl 
ether resin having at least two vinyl groups in its 
molecule and at least 50% by weight of said actinic 
radiation-curable and radical-polymerizable sub- 
stance (c) is composed of a compound having at 
20 least three unsaturated double bonds in its mole- 
cule. 

2. A resin composition as set forth in claim 1 , charac- 
terised in that it further contains (e) a filler. 

2S 

3. A resin composition according to either preceding 
claim, in which (c) comprises one or more members 
selected from acrylate, methacrylate, allylurethane, 
unsaturated polyester and polythiol compounds. 

30 

4. A resin composition according to claim 3, in which 
(c) has at least one acrylate group per molecule. 

5. A resin composition according to claim 4, in which 
3S ( C ) is an epoxy acrylate prepared by the reaction of 

acrylic acid with an aromatic, alicyclic or aliphatic 
epoxy resin, preferably an aromatic epoxy resin. 

6. A resin composition according to claim 4, in which 
*0 (c) is a urethane acrylate prepared by reacting an 

isocyanate with one or more polyesters or poly- 
ethers containing a hydroxy I group and hydroxy I- 
containing acrylate; or prepared by reacting isocy- 
anate with hydroxyl-containing acrylate. 

7. A resin composition according to claim 4, in which 
(c) is a polyester acrylate prepared by the reaction 
of acrylic acid with a hydroxyl-containing polyester, 
preferably prepared by the esterification of one or 

*o more aliphatic polyhydric alcohols with one or more 
members selected from among mono- and poly-ba- 
sic acids and phenols. 

8. A resin composition according to claim 4, in which 
« (c) is a polyether acrylate prepared by reacting a 

hydroxyl-containing polyether with acrylic acid, the 
hydroxyl-containing polyether to preferably being 
one prepared by the addition of an aliphatic polyhy- 
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dric alcohol with one or more alkylene oxides. 

9. A resin composition according to claim 4, in which 
(c) is an aery late of an alcohol prepared by reacting 
acrylic acid with an aromatic or aliphatic alcohol 
having at least one hydroxyl group in its molecule, 
or an adduct thereof with alkylene oxide. 



Patentanspruche 

1 . Harzzusammensetzung fur ein optisches Formver- 
fahren, dadurch gekennzeichnet, daB sie (a) eine 
durch aktinische Strahlung hartbare und kationisch 
polymerisierbare organische Substanz; (b) ein en 
gegenuber aktinischer Strahlung empfindlichen In- 
itiator fOr die kationische Polymerisation; (c) eine 
weitere organische Substanz, die durch aktinische 
Strahlung hartbar und radikalisch polymerisierbar 
ist, und (d) einen gegenuber aktinischer Strahlung 
empfindlichen Initiator fur die radikalische Polyme- 
risation umfaBt und daB mindestens 40 Gew.-% der 
durch aktinische Strahlung hartbaren und katio- 
nisch polymer is ierbaren organ ischen Substanz (a) 
aus einem alicyclischen Epoxyharz mit wenigstens 
zwei Epoxygruppen in seinem MolekOI bestehen, 
mindestens 30 Gew.-% derselben aus einem Viny- 
letherharz mit wenigstens zwei Vinylgruppen in sei- 
nem MolekOI besteht und mindestens 50 Gew.-% 
der durch aktinische Strahlung und radikalisch po- 
lymerisierbaren Substanz (c) aus einer Verbindung 
mit wenigstens drei ungesattigten Doppelbindun- 
gen in ihrem MolekOI besteht. 

2. Harzzusammensetzung wie in Anspruch 1 angege- 
ben, dadurch gekennzeichnet, daB sie weiter (e) ei- 
nen FOIIstoff enthalt. 

3. Harzzusammensetzung gemaB einem vorange- 
henden Anspruch, bei der (c) einen Oder mehr Be- 
standteile umfaBt, die aus Acrylat-, Methacrylat-, 
Allylurethan-, ungesattigten Polyester- und Poly- 
thiolverbindungen ausgewahlt sind. 

4. Harzzusammensetzung gemaB Anspruch 3, bei der 
(c) wenigstens eine Acrylatgruppe je MolekOI auf- 
weist. 

5. Harzzusammensetzung gemaB Anspruch 4, bei der 
(c) ein Epoxyacrylat ist, das durch die Reaktion von 
Acrylsaure mit einem aromat ischen, alicyclischen 
oderaliphatischen Epoxyharz, vorzugsweise einem 
aromatischen Epoxyharz hergestellt wurde. 

6. Harzzusammensetzung gemaB Anspruch 4, bei der 
(c) ein Urethanacrytat ist, das durch Umsetzen si- 
nes Isocyanats mit einem Oder mehr hydroxylgrup- 
penhaltigen Polyestern oder Polyethern und einem 



hydroxy lhaltigen Acrylat hergestellt wurde oder 
durch Umsetzen eines Isocyanats mit einem hydro- 
xylhaltigen Acrylat hergestellt wurde. 

Harzzusammensetzung gemaB Anspruch 4, bei der 
(c) ein Polyesteracrylat ist, das durch die Reaktion 
von Acrylsaure mit einem hydroxylhaltigen Poly- 
ester hergestellt wurde und vorzugsweise durch die 
Veresterung eines oder mehrerer aliphatischer 
mehrwertiger Aikohole mit einem oder mehr Be- 
standteilen hergestellt wurde, die unter ein- und 
mehrbasischen Sauren und Phenolen ausgewahlt 
wurden. 

Harzzusammensetzung gemaB Anspruch 4, bei der 
(c) ein Polyetheracrylat ist, das durch Umsetzen ei- 
nes hydroxylhaltigen Polyethers mit Acrylsaure her- 
gestellt wurde, wobei der hydroxylhaltige Polyether 
vorzugsweise ein durch die Addition eines aliphati- 
schen mehrwertigen Alkohols an ein oder mehr Al- 
kylenoxide hergeste liter ist. 

Harzzusammensetzung gemaB Anspruch 4, bei der 
(c) ein Aerylsaureester eines Alkohols ist, der durch 
Umsetzen von Acrylsaure mit einem aromatischen 
oder aliphatischen Alkohol mit wenigstens einer Hy- 
droxylgruppe in seinem MolekOI oder einem Addukt 
desselben mit Alkylenoxid hergestellt wurde. 



Composition de resine pour le moulage optique ca- 
racttriste en ce qu'elle comprend (a) une substan- 
ce organ ique durcissable sous ('action d'un rayon - 
nement actinique et polymerisable par voie cationi- 
que; (b) un initiateur sensible a un rayonnement ac- 
tinique pour une polymerisation cation ique; (c) une 
autre substance organique qui est durcissable sous 
Taction d'un rayonnement actinique et qui est poly- 
mtrisable par voie radicalaire et (d) un initiateur 
sensible a un rayonnement actinique pour une po- 
lymerisation radicalaire, et en ce qu'au moins 40% 
en poids de ladite substance organique durcissable 
sous Taction d'un rayonnement actinique et poly- 
merisable par voie cation ique (a) est constitute 
d'une resine epoxy alicyclique contenant au moins 
deux groupes tpoxy dans sa molecule, au moins 
30% en poids de celle-ci sont constitute d'une re- 
sine d'tther vinylique contenant au moins deux 
groupe vinyle dans sa molecule et au moins 50% 
en poids de ladite substance durcissable sous Tac- 
tion d'un rayonnement actinique et polymtrisable 
par voie radicalaire (c) sont constitues d'un compo- 
st contenant au moins trois doubles liaisons insa- 
turees dans sa molecule. 

Composition de rtsine selon la revendication 1 , ca- 
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racteris6e en ce qu'elle contient en outr (e) une 
charge. 

3. Composition de resine selon I'une quelconque des 
revendications pr6cedentes, dans laquelle (c) com- s 
prend un ou plusieurs 6 laments choisis parmi les 
composes acrylate, methacrylate, allylurethane, 
polyester insature et potythiol. 

4. Composition de r6sine selon la revendication 3, io 
dans laquelle (c) contient au moins un groupe 
acrylate par molecule. 

5. Composition de resine selon la revendication 4, 
dans laquelle (c) est un acrylate d'epoxy prepare 15 
par reaction de I'acide acrylique avec une r6sine 
epoxy aromatique, alicyclique ou aliphatique, de 
preference une resine epoxy aromatique. 

6. Composition de resine selon la revendication 4, 20 
dans laquelle (c) est un acrylate d'ur6thane prepare 
par reaction d'un isocyanate avec un ou plusieurs 
polyesters ou polyethers contenant un groupe hy- 
droxyle et un acrylate contenant un groupe hy- 
droxyle; ou prepare par reaction d'un isocyanate 25 
avec un acrylate contenant un groupe hydroxyle. 

7. Composition de reeine selon la revendication 4, 
dans laquelle (c) est un acrylate de polyester pre- 
pare par reaction de I'acide acrylique avec un poty- 30 
ester contenant un groupe hydroxyle, prepare de 
preference par est edification d'un ou de plusieurs 
polyols aliphatiques avec un ou plusieurs elements 
choisis parmi les acides et les phenols monofonc- 
tionn els et polyfonctbnnels. 35 

8. Composition de resine selon la revendication 4, 
dans laquelle (c) est un acrylate de poly ether pre- 
pare par reaction d'un potyether contenant un grou- 
pe hydroxyle avec de I'acide acrylique, le potyether 40 
contenant un groupe hydroxyle 6tant de preference 
prepare par addition d'un poiyol aliphatique avec un 

ou plusieurs oxydes d'alkylene. 

9. Composition de resine selon la revendication 4, 
dans laquelle (c) est un acrylate d'un alcool prepare 
par reaction de I'acide acrylique avec un alcool aro- 
matique ou aliphatique contenant au moins un 
groupe hydroxyle dans sa molecule, ou un produit 
d'addition de celui-ci avec un oxyde d'alkylene. so 
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